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ABSTRACT
Development of rice varieties for tidal swamp areas is empha-
sized on the improvement of rice yield potential in specific
environment. However, grain yield is a complex trait and highly
dependent on the other agronomic characters; while informa-
tion related to the relationship between agronomic characters and
grain yield in the breeding program particularly for tidal swamp
areas is very limited. The objective of this study was to inves-
tigate relationship between agronomic characters and grain yield
of rice as a basis for selection of high yielding rice varieties for
tidal swamp areas. Agronomic characters and grain yield of nine
advanced rice breeding lines and two rice varieties were evaluated
in a series of experiments in tidal swamp areas, Karang Agung Ulu
Village, Banyuasin, South Sumatra, for four cropping seasons in
dry season (DS) 2005, wet season (WS) 2005/2006, DS 2006, and
DS 2007. Result from path analysis revealed that the following
characters had positive direct effect on grain yield, i.e. number
of productive tillers per hill (p = 0.356), number of filled grains
per panicle (p = 0.544), and spikelet fertility (p = 0.215). Plant
height had negative direct effect (p = -0.332) on grain yield,
while maturity, number of spikelets per panicle, and 1000-grain
weight showed negligible effect on rice grain yield. Present study
suggests that indirect selection of high yielding tidal swamp rice
can be done by selecting breeding lines which have many produc
tive tillers, dense filled grains, and high spikelet fertility.
[Keywords: Oryza sativa, agronomic characters, path analysis,
grain yield, swamps]
INTRODUCTION
Improvement of rice grain yield is the main target of
breeding program to develop rice varieties for diverse
ecosystems including tidal swamp areas. However,
grain yield is a complex trait, controlled by many
genes and highly affected by environment (Jennings
et al. 1979). In addition, grain yield also related with
other characters such as plant type, growth duration,
and yield components (Yoshida 1981). The low
heritability of grain yield characters made selection
for high yielding varieties usually use secondary
traits associated with yield (Atlin 2003). Thus, infor-
mation on contribution of each plant character to
grain yield is important to make selection process
more efficient.
Causal relationship between predictor variables and
response variable can be defined by path analysis
(Samonte et al. 1998). Using path analysis, correla-
tion coefficient is partitioned into two components,
which are direct effect of a predictor variable on its
response variable and indirect effect of that predictor
variable on the response variable through other
related variables (Williams et al. 1990). Path analysis
has been intensively used to estimate contribution of
yield related traits to grain yield of rice and assisted
breeders to determine selection criteria to improve
yield (Gravois and Helms 1992; Samonte et al. 1998;
Oad et al. 2002; Babar et al. 2007). However, informa-
tion on relationship of agronomic traits and grain
yield in the breeding program for specific environment
particularly for tidal swamp areas is very limited.
Rice improvement program for tidal swamp areas is
addressed to develop rice varieties which can adapt
with the problems which hamper rice growth in this
type of ecosystem (Hairmansis et al. 2008). Some
important traits are required for rice to adapt with
tidal land condition which is different with irrigated
lowland rice. Rice varieties for tidal land are generally
tall and grow rapidly, have strong culms and medium
growth duration, and tolerant to abiotic stresses
such as soil acidity and salinity (Harahap and Silitonga
1998). Further information on relationship among
plant characteristics is important to optimize selection
for desirable rice breeding lines which are suitable for
tidal land.
The objective of present study was to investigate
relationship between agronomic characters and grain
yield of rice as the basis for selection of high yielding
rice varieties for tidal swamp areas.
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MATERIALS AND METHODS
The rice breeding lines and varieties used in this
study are shown in Table 1. The materials consisted
of nine advanced breeding lines and two improved
rice varieties for tidal swamp areas, IR42 and
Batanghari. These breeding lines have been selected
for several generations in tidal swamp areas and
derived from different crosses. Most of the rice lines
were developed by the Indonesian Center for Rice
Research in Sukamandi, West Java. Two breeding lines,
KAL9414F-MR-2-KN-0 and KAL9418F-MR-2-KN-0,
were developed by the Indonesian Swampland Agri-
cultural Research Institute in Banjarbaru, South Kali-
mantan. The IR61242-3B-B-2 line was introduced from
the International Rice Research Institute, Philippines.
The experiments were carried out in Karang Agung
Ulu village, Banyuasin district, South Sumatra, during
four seasons which were dry season (DS) 2005, wet
season (WS) 2005/2006, DS 2006, and DS 2007.  This
site was characterized as potential acid sulphate area.
The soil type was alluvial with soil pH of 4.5. The
trials were arranged in a randomized complete block
design with four replications. Each line was grown in
a 4 m x 5 m plot. The 21-day-old seedlings from wet-bed
nurseries were transplanted at three seedlings per hill
at a spacing of 25 cm x 25 cm. Each plot was fertilized
with urea 200 kg, SP36 100 kg, and KCl 100 kg ha-1.
Data were collected for plant height (cm), number
of productive tillers per hill, maturity (day), number of
filled grains per panicle, number of spikelets per
panicle, spikelet fertility per panicle (%), 1000-grain
weight (g), and grain yield (t ha-1). Measurement of
rice characters referred to standard evaluation system
for rice (IRRI 1996).
Relationships between agronomic characters and
grain yield were analyzed using simple correlation
analysis and path analysis (Singh and Chaundhary
1979). Analysis was taken based on average data in
each environment. Simple correlation and path analy-
sis were computed using computer software package
of SAS version 8.
RESULTS AND DISCUSSION
Coefficients of correlation between all pairs of tidal
swamp rice characters are shown in Table 2. The
agronomic characters which had positive relationship
with grain yield were number of filled grains per
panicle (r = 0.677), number of spikelets per panicle (r =
0.217), and spikelet fertility per panicle (r = 0.445). On
the contrary, plant height (r = -0.258) was inversely
correlated with grain yield. Among these traits, filled
grains and spikelet fertility were significantly correlat-
ed with grain yield. The other characters, number of
productive tillers (r = 0.056) and 1000-grain weight (r =
-0.020), showed very weak correlation with grain
yield. Gravois and Helms (1992) reported the impor-
tance of number of filled grains per panicle in deter-
mination of rice yield. In addition, Silitonga (1989)
observed significant positive correlation between
number of filled grains and grain yield of hybrid rice
Table 2. Simple correlation between all pairs of tidal swamp rice characters.
No. of No. of No. of Spikelet
1000-grain Grain
Characters productive Maturity filled grains spikelets fertility
weight yield
tillers per hill per panicle per panicle per panicle
Plant height 0.570** -0.251 -0.131 -0.219 0.098 -0.687** -0.258
No. of productive tillers per hill -0.219 -0.120 -0.241 0.147 -0.637** 0.056
Maturity 0.019 0.318* -0.302* -0.065 -0.020
No. of filled grains per panicle 0.478** 0.493** -0.140 0.677**
No. of spikelets per panicle -0.526** 0.000 0.217
Spikelet fertility per panicle -0.148 0.445**
1000-grain weight -0.020
* and ** = significantly different at P < 0.05 and P < 0.01, respectively.
Table 1. Rice breeding lines and varieties used in the study.
Lines/varieties Parentage
B9833C-KA-14 IR52///Batang Agam/IR54742//Batang
Ombilin/IR68
B9852E-KA-66 Batang Ombilin/IR9884-54-3
B5244G-SM-61-2-1 IR13168-143-1/LMN III//IR13292-5-3
B7003D-MR-24-3-1 Kapuas3/IR56
B9858D-KA-55 Batang Ombilin/Dukuh
B10214F-TB-7-2-3 Pucuk/Cisanggarung//Sita
KAL9414F-MR-2-KN-0 Siam Unus/Cisokan
KAL9418F-MR-2-KN-0 Rantai/Cisokan
IR61242-3B-B-2 IR42253-63-1-2-3/BW100
IR42 Released variety
Batanghari Released variety
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and suggested to use this trait in selecting high
yielding hybrid rice.
Correlation coefficients between agronomic char-
acters of tidal swamp rice as predictor variables and
grain yield as response variable were partitioned into
direct effect (p) and indirect effect (rp) through path
analysis. Path coefficient of agronomic traits on
grain yield of tidal swamp rice is shown in Table 3.
Plant height had negative direct effect (p = -0.332)
on grain yield. Its indirect effects on grain yield
through maturity, number of filled grains per panicle,
number of spikelets per panicle, and 1000-grain
weight were negative, but it had positive indirect
effect via number of productive tillers per hill. Product
of these direct and indirect effects made this char-
acters negatively correlated (r = -0.258) with grain
yield. Number of productive tillers had positive and
moderate direct effect (p = 0.356) on grain yield,
however its indirect effect through other characters
was mostly negative. This character only had positive
indirect effect through spikelet fertility per panicle (rp
= 0.032). When positive direct effect of number of
productive tillers added with its indirect effect
through other agronomic traits, the sum (correlation
between number of productive tillers and grain yield)
was very low (r = 0.056). Previous papers also
mentioned that number of tillers had positive direct
effect on grain yield (Samonte et al. 1998; Oad et al.
2002). On the other hand, the low correlation between
maturity and grain yield was figured by its low direct
and indirect effects through other yield related traits.
Its negative indirect effects through number of
productive tillers, spikelet fertility, and 1000-grain
weight resulted in negative correlation between
maturity and grain yield.
Number of filled grains per panicle showed the
highest correlation (r = 0.677) with grain yield com-
pared to the other characters. This strong relationship
was mostly determined by its direct effect on grain
yield (p = 0.544). Its low indirect effects through other
traits indicated that direct selection using this trait to
select high yielding breeding lines will be effective.
This result coincided with the previous studies which
also reported that number of filled grains per panicle
had significant positive direct effect on rice grain
yield (Gravois and Helms 1992; Samonte et al. 1998).
On the contrary, number of spikelets per panicle
exhibited very weak direct effect (p = 0.080) on grain
yield, even though its correlation coefficient with
number of filled grains per panicle was significantly
positive.
Another character that positively correlated with
grain yield was spikelet fertility (r = 0.445). Partitioning
Table 3. Path coefficients of agronomic characters on grain
yield of tidal swamp rice.
Correlation r value
Plant height vs grain yield   -0.258
Direct effect -0.332
Indirect effect via:
No. of productive tillers per hill 0.203
Maturity -0.002
No. of filled grains per panicle -0.071
No. of spikelets per panicle -0.017
Spikelet fertility per panicle 0.021
1000-grain weight -0.060
No. of productive tillers vs grain yield  0.056
Direct effect 0.356
Indirect effect via:
Plant height -0.189
Maturity -0.002
No. of filled grains per panicle -0.066
No. of spikelets per panicle -0.019
Spikelet fertility per panicle 0.032
1000-grain weight -0.055
Maturity vs grain yield   -0.020
Direct effect 0.009
Indirect effect via:
Plant height 0.083
No. of productive tillers per hill -0.078
No. of filled grains per panicle 0.010
No. of spikelets per panicle 0.025
Spikelet fertility per panicle -0.065
1000-grain weight -0.006
No. of filled grains vs grain yield   0.677
Direct effect 0.544
Indirect effect via:
Plant height 0.044
No. of productive tillers per hill -0.043
Maturity 0.000
No. of spikelets per panicle 0.038
Spikelet fertility per panicle 0.106
1000-grain weight -0.012
No. of spikelets vs grain yield   0.217
Direct effect 0.080
Indirect effect via:
Plant height 0.073
No. of productive tillers per hill -0.086
Maturity 0.003
No. of filled grains per panicle 0.260
Spikelet fertility per panicle -0.113
1000-grain weight 0.000
Spikelet fertility vs grain yield   0.445
Direct effect 0.215
Indirect effect via:
Plant height -0.033
No. of productive tillers per hill 0.052
Maturity -0.003
No. of filled grains per panicle 0.268
No. of spikelets per panicle -0.042
1000-grain weight -0.013
1000-grain weight vs grain yield  -0.020
Direct effect 0.087
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Fig. 1. Path diagram of tidal swamp rice agronomic characters. Single headed arrow lines indicate path coefficient of
agronomic characters on grain yield, double headed arrow lines indicate correlation coefficient between all pairs of
agronomic characters.
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those, number of spikelets was the most important
component limiting rice yield, while 1000-grain weight
was rarely affected grain yield.
Figure 1 explains detailed pathway of agronomic
character effects on grain yield and its relationship of
each other in determination of rice yield. Positive path
coefficients of number of filled grains per panicle,
number of productive tillers and spikelet fertility
indicated the importance of these characters as a
secondary trait in the selection to increase grain yield.
In addition, plant height character which had negative
direct effect on grain yield should be considered in
the selection process by selecting rice plant type with
semi-dwarf or intermediate plant height. Even though
tidal swamp rice varieties are generally taller than
irrigated rice, result from the present study indicated
the importance of selection to reduce plant height to
increase rice yield in tidal swamp areas. Yoshida
(1981) suggested that high yield gain in rice varieties
with reduced plant height associated with increase in
lodging resistance of rice plant.
Knowledge on contribution of each agronomic
character to grain yield will be useful to assist rice
this coefficient correlation showed that the relation-
ship was mostly determined by its positive direct
effect (p = 0.215) on grain yield and its positive
indirect effect through number of filled grains (rp =
0.268). Furthermore, loose association between 1000-
grain weight and grain yield was caused by its low
direct effect and indirect effect coefficients. Yoshida
(1981) described that the components of rice grain
yield consisted of number of spikelets, percentage of
filled spikelets, and 1000-grain weight; and among
Indirect effect via:
Plant height 0.228
No. of productive tillers per hill -0.227
Maturity -0.001
No. of filled grains per panicle -0.076
No. of spikelets per panicle 0.000
Spikelet fertility -0.032
Residual effect 0.644
Table 3. (continued).
Correlation r value
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breeders as the indirect selection of grain yield during
the early generation before conducting replicated
yield trials (Samonte et al. 1998). However, this study
also showed high residual effect coefficient that was
0.644, which indicated there were other variables
which determined rice grain yield and were not yet
explained in this experiment. Further studies are
needed to elucidate relationship of grain yield and
the other morpho-physiological traits which is related
to soil stress tolerance in tidal swamp areas such soil
acidity, iron toxicity, aluminum toxicity, and nutrient
deficiency.
CONCLUSION
Partitioning correlation coefficient through path
analysis clarified direct effect of each agronomic char-
acter on grain yield of tidal swamp rice. Characters
with positive direct effects on grain yield included
number of productive tillers per hill, number of filled
grains per panicle, and spikelet fertility. Plant height
had negative direct effect on grain yield, while
maturity, number of spikelets per panicle, and 1000-
grain weight showed a weak direct effect on rice grain
yield. Based on this information, indirect selection of
high yielding tidal swamp rice can be taken by
selecting breeding lines which have many productive
tillers, dense filled grains, and high spikelet fertility.
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